Introduction
Japan has already become one of the world's fastest aging countries. According to the 2011 statistical analysis of the Japanese Health and Welfare Ministry, 1) life expectancy was 8.39 years for men and 11.36 years for women in their 80s, and 4.14 years and 5.46 years in their 90s, respectively. Recently, several reports from Japan have shown that surgery for lung cancer in elderly people, including octogenarians, was a safe and feasible treatment. [2] [3] [4] [5] [6] [7] [8] [9] [10] Moreover, the number of lung cancer cases in nonagenarians is expected to increase rapidly in the near future, and then physicians will have to deal with these patients. However, there have been few reports 11) about the strategy for lung cancer treatment including surgery, chemotherapy, and radiotherapy for nonagenarians.
Five cases of lung cancer in nonagenarians that were successfully treated with pulmonary resection are reported, and the literature dealing with the surgical results of aged people reported from Japan is reviewed.
Case Report
From January 2000 to March 2013, 1130 pulmonary resections were performed for lung cancer at Nagasaki University Hospital. Of these, 5 patients (0.04%, 3 men, 2 women) were nonagenarians, with an average age of 91.2 (range 90-93) years.
A thorough pre-operative medical check-up for general anesthesia, including respiratory and cardiac function testing, was done. The pulmonary function tests of all patients
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Online February 4, 2014 doi: 10.5761/atcs.cr. showed that the average vital capacity, percent of vital capacity, forced expiratory volume/1 second, and forced expiratory volume 1% were 2552 (range 1440-3630) mL, 105.9% (78.3%-155.7%), 1538 (950-2110) mL, and 63.0% (41.9%-73.5%), respectively. The arterial blood gas analysis showed that the average arterial oxygen and carbon dioxide pressures on room air were 85.5 (71.3-92.1) mmHg and 43.9 (39-44) mmHg, respectively. Overall, 3 of 5 patients (60%) had chronic obstructive pulmonary disease, 1 had a history of right upper lobectomy for primary non-small-cell lung cancer (NSCLC), and 2 of 5 patients (40%) had hypertension. Performance status was 0 in 2 patients and 1 in 3 patients. All patients had a spouse and relatives who could totally support them and the informed consent was obtained by themselves. For the surgical procedure, lobectomy was done in 3 patients, and wedge resection was done in 2 patients. Thoracoscopic surgery was done in 2 patients, mini-thoracotomy was done in 2 patients, and conventional posterolateral thoracotomy was needed in 1 patient because of dense adhesions in the thorax after upper lobectomy for NSCLC. Systemic mediastinal lymph node dissection was omitted in all patients. The mean operation time was 222 (50-312) minutes, and total bleeding was 187 (5-730) mL. Postoperative complications were seen in 2 patients, 1 who needed more than 7 days of chest tube insertion, and another with delirium. All of the patients could be discharged from hospital without oxygen support. They did not receive any adjuvant therapy.
During the follow-up period (47-2048 days), 1 patient died of a fatal arrhythmia without any local recurrence or metastasis. One patient had local recurrence after wedge resection, followed by stereotactic radiosurgery. The other patients were alive in good condition without any oxygen support. The clinical characteristics of these 5 patients are summarized in Table 1 .
Discussion
Pulmonary resection was successfully performed for five nonagenarians with primary NSCLC. Japan has already become one of the world's fastest aging countries. In Japan, as in many developed countries, lung cancer is now the leading cause of cancer death in men and the second in women. 12) For these reasons, more elderly patients, including nonagenarians, present with potentially resectable lung cancer. On the other hand, aging results in physiological changes in the respiratory and cardiovascular systems, in renal function, and in other systems. Surgeons will soon have to face the difficult problem of whether to perform surgery for such elderly patients. Thus, it is important to accumulate cases of safe and secure pulmonary resection for such very elderly people.
Recent studies have shown that pulmonary resection for elderly patients was a safe and feasible treatment for lung cancer, [2] [3] [4] [5] [6] [7] [8] [9] especially in Japan ( Table 2 ). According to these reports, approximately 70% of patients were stage I. For the procedure, limited pulmonary resection without mediastinal lymph node dissection (MLND) seemed more common. Though the rate of postoperative complications varied widely (from 8.4% to 65.9%) in elderly people, the mortality was low (0%-4.1%), and 5-year survival was satisfactory (35.0%-65.9%). Thus, it seems that curative Video-assisted thoracic surgery (VATS) is now widely accepted for its oncological results and because it is less invasive and causes less post-thoracotomy pain 13) compared to conventional thoracotomy for early stage lung cancer. Thus, we should try to perform less invasive procedure as possible for aged people. On the other hand, whether lymph node dissection is recommended for elderly patients is considered controversial. Several reports have shown that MLND is one of the main risk factors for postoperative complications. 5) On the other hand, we have previously reported the results of surgical treatment in octogenarians with lung cancer. 10) The morbidity was not significantly higher in the patients with lymph node dissection (ND1) than in those without lymph node dissection (ND0), including both hilar and mediastinal dissection. Moreover, there were no significant differences in the overall survival and local recurrence between ND0 and ND1. According to the results of the American College of Surgery Oncology Group Z0030 Trial, 14) MLND does not improve survival in patients with early stage NSCLC. Therefore, MLND was omitted in the present cases.
Our proposal for surgery for nonagenarians is as follows. It requires good performance status, preserved respiratory and cardiac function for the procedure, clinical stage I (no lymph node metastasis), MLND is not necessary, and the support of the patient's family is essential. These strategies are not very different from those for octogenarians. VATS is the most favorable approach because it is less invasive and we should pay attention to the risk of local recurrence with partial resection. In the future, the development of objective assessment tools to assess the general physical status of nonagenarians is expected. Additionally, the accumulation of more surgical cases is needed to evaluate other modalities, such as radiofrequency ablation therapy and stereotactic radio surgery, and the natural history of lung cancer itself to clarify the feasibility of lung cancer surgery in nonagenarians.
Conclusion
Although one cannot evaluate the surgical outcomes in nonagenarians based on only 5 cases, pulmonary resection of lung cancer appears to be a possible treatment in highly selected nonagenarian patients without lymph node metastasis.
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